ABSTRACT. A gross pathology and histological investigation was carried out on bovine target organs of anabolic substances in the Molise Region (Italy). One hundred forty-four bovines (12-24 months old, 123 males and 21 females) were included in the survey. An antemortem assessment of their behavior and clinical examination were performed. After slaughter, samples of prostate, Cowper's glands, Bartholin's glands, mammary gland, ovaries, thymus and thyroid were collected, inspected and processed for histopathology, as suggested in the guidelines of the Italian national program for residue surveillance (PNR). Overall, 15.3% of the examined animals were classified as "suspect," 44.4% were classified as "uncertain," and the remaining 40.3% were classified as "negative." The most frequent lesion was a severe thymus atrophy with fat infiltration (15.4% of males and 14.3% of females), strongly suggesting the illegal use of corticosteroids.
Since the 1960s, the administration of growth promoters has been prohibited in Italy for auxinic purposes in animals intended for human consumption. After the first non-comprehensive laws, legislative updates were produced, in parallel with the European regulations, which led to Decree 148/2009 [14] , which implemented European Directive 2008/97/EC [16] . In particular, at present it is prohibited to administer "to farm or aquaculture animals, by any means whatsoever, thyrostatic substances, stilbenes, stilbene derivatives, their salts and esters, estradiol 17β and its ester-like derivatives, beta-agonists and substances having estrogenic (other than estradiol 17β and its ester-like derivatives), androgenic or gestagenic action," except in the case of regulated therapeutic or zootechnical treatments.
Among growth promoter molecules, sex steroids, beta agonists and corticosteroids are the most frequently used. Nevertheless, controversial growth promoter effects of dexamethasone have been discussed in several studies [21] . Corticosteroids showed the ability to increase the external fat thickness, carcass muscularity and dressing percentage. Courtheyn et al. [12] reported that providing glucocorticoids in low dosages increases feed intake and average daily gain (ADG) and improves the feed conversion ratio. Tarantola et al. [38] observed the lowest daily gain and the worst feed conversion ratio in veal calves receiving a prolonged oral low dose of dexamethasone. Corah et al. [11] reported a greater thickness of external fat in treated steers.
However, excessive exposure to sex hormones or residues of other growth promoters may lead to harmful effects on the human endocrine glands, altering growth and puberty, and the immune system and may exert genotoxic and carcinogenic effects [22] . In spite of strict legislation and a national program for residue surveillance (PNR), which specifies rules about the number of samples to be taken and the sampling procedures, the problem of illegal treatments with growth promoters is still extremely topical. The use of these substances is facilitated by the fact that they cannot be easily detected, either because of their low concentration in biological samples, the very large number of molecules potentially used, often modified from those indicated in the official pharmacological protocols, or the use of so-called "cocktails." These are a mixture of molecules that act synergistically, permitting improved zootechnical results, while lowering the relative concentration of each compound used and thus the concentration of any residue, leading to further difficulties in terms of analysis. However, illegal substances used in livestock cause the occurrence of alterations, to different extents, in organs that respond to their stimulating or inhibiting effects [1] . Indeed, over the years, studies on this topic have suggested that the use of growth promoters can be highlighted by both macroscopic and histological changes of the genital tract organs and sex accessory glands, in both males and females [6, 23, 24, 32] , or other organs such as the thymus [7, 28] or thyroid [37] . These lesions persist long enough to be detected at slaughter. For this reason, in addition to the traditional chemical analysis, which can give unsatisfactory results [25] , other auxiliary diagnostic approaches to detect illegally treated animals are based on anatomo-histopathological examination of target organs [1] . Recently, biotechnological approaches [4, 33] to the research of biomarkers, mainly with biomolecular methods, have been suggested [8, 13, 17, 39] .
At present, a histopathological test is already routinely employed in the Netherlands to evaluate the illegal use of hormones, and it was officially introduced in the Italian PNR for screening purposes in 2008.
In this work, we adopted the criteria described in the Italian PNR to examine a sample of regularly slaughtered beef cattle in the Molise Region and to verify a possible use of growth promoters in that Region.
MATERIALS AND METHODS

Experimental design and sample collection:
A group of 144 beef cattle (12 to 24 months old, excluding 11 older animals from 25 to 28 months old), 123 males and 21 females, was examined. The animals were slaughtered in five slaughterhouses located in the Molise Region (Italy) during 2009. About 61.8% (n=89) of them were raised in Molise; 35.4% (n=51) of them were raised in Campania Region, and the other 2.8% (n=4) were raised in other Italian Regions. Based on the local production data, the number of animals to be examined was calculated using the "Campionamenti" software (free software of the Experimental Zooprophylactic Institute G. Caporale, Teramo, Italy) in order to have a statistically representative number of batches and of total subjects. For calculation of the sample size, an expected prevalence of 2% was considered, instead of the 5% imposed by the Italian PNR. Out of a population of about 11,000 bovines slaughtered per year, grouped into about 8,000 lots, and assuming a confidence level of 95%, 147 animals should have been examined. Lots consisted of 1-2 animals on average. For lots composed of three or less subjects, all the subjects were examined.
Data acquisition and assessment of gross lesions: Documents for each animal were checked particularly to exclude that the animals had undergone drug treatments in the last 90 days. Each animal was submitted to regular antemortem clinical examination to assess the possible presence of morpho-functional alterations in specific organs. In particular, for the evaluation of treatment with estrogens, testicular size and anomalous development of the mammary gland were checked in males, while in females, size and development of the mammary gland and nipples and presence of secretions were investigated. For the evaluation of treatment with androgens, males were checked for testicular size, and females were checked for clitoris size. Finally, as a hint concerning treatment with beta-agonists or corticosteroids, we proceeded to assess the eventual absence of the tracheal ridge or the presence of thymus atrophy, respectively.
Histological investigation: Samples for histological analysis were collected from the thymus, thyroid, prostate, Cowper's glands, Bartholin's glands, mammary gland and ovaries. The biological material was immediately fixed in 4% formalin solution and stored at room temperature until inclusion in paraffin blocks for sectioning on a microtome. Slices 5 µm thick were produced, fixed on slides and then stained with hematoxylin-eosin according to standard protocols.
Lesions were classified as described in Table 1 . An evaluation sheet was then filled as indicated in the 2009 Italian PNR [35] . The individual organs were classified as "negative" when lesions were absent, "uncertain" if the sample presented minor or new onset lesions and "suspect" when even one of the tissues examined presented severe lesions.
RESULTS
No macroscopic alterations were detected in the genital tracts and mammary glands of the examined subjects. Seven thymi (4.9%) showed severe macroscopic atrophy.
Overall, 15.3% (n=22) of the subjects were classified as "suspect," 44.4% (n=64) were classified as "uncertain," and the remaining 40.3% (n=58) were classified as "negative." Percentages for each class were similar for males and females: 15.4% (n=19) and 14.3% (n=3), respectively, for the suspect group, 45.5% (n=56) and 38.1% (n=8) for the uncertain group and 39% (n=48) and 47.6% (n=10) for the negative group, although the total number of males was markedly higher. With regard to the individual organs, results of histological findings are summarized in Table 2 and indicate the number of subjects classified according to criteria previously described. Tables 3 and 4 report outcomes in more detail.
In 23.1% (n=28) of cases, prostate hypersecretion was detected, mostly associated with other changes, such as hy- (Fig. 2) .
DISCUSSION
In 2010, the official national monitoring plans of European Countries showed a 0.24% positivity in cattle for residues of illegal growth promoters [10] . There is evidence, however, that these figures may underestimate the real incidence of growth promoter abuse in meat cattle breeding. In fact, using alternative screening tests like the histological test, the number of animals suspected of receiving illegal treatments with growth promoter dramatically increases. A pilot study conducted in Italy involving 1330 animals reported a high incidence of histological lesions, possibly connected with the illegal administration of growth promoters; 144 (10.8%) animals were classified as "suspect," and 477 (35.9%) were classified as "uncertain" (Master Plan of the Ministry of Health-Phase II, 2006-data not published). Similar results were recorded in a recent official monitoring plan of Piemonte Region [36] . The results of the present work confirm the frequency of target organ lesions in beef slaughtered in Molise Region. The high number of Bartholin's glands classified as uncertain is probably due to the ages of the animals, which had already reached puberty; therefore some physiological changes represented by slight epithelial hyperplasia or sometime metaplasia may appear even in untreated subjects. Only one case of suspected steroid administration was found, which was confirmed by metaplastic lesions in the urethra and hypersecretion and hyperplasia in the prostate. The most severe and frequently observed lesion was thymus atrophy represented by lymphocyte depletion and fat tissue infiltration of the parenchyma. This finding in young and healthy bovines, without a declaration of drug administration for therapeutic purposes, becomes a strong indicator of illegal treatment with corticosteroids. Thymus atrophy following corticosteroid administration has been reported, either with long-term and low-dosage administration [2, 3, 5, 7, 27] . Thymus atrophy could also be the consequence of infectious diseases, intoxication and stress [26] . However, in these cases, the affected animals should show typical clinical signs and lesions [18-20, 29-31, 34, 40] .
To avoid penalties due to positivities for drug residues detected by the public veterinary controls, farmers reduced the dosages of administered molecules. This change in strategy reduced the severity of the thymus atrophy in treated animals, making detection of alterations by veterinary inspectors a difficult task [3] , although the histological test is still able to show microscopic changes. Whenever evident lesions in target organs are found after histological investigation, the current legislation provides clear guidance on procedures to be applied on farms from which the subjects suspected of illegal pharmacological treatments come from. In particular, in Italy, the PNR specifies that in cases of suspect diagnostic outcomes (from 2010, also individual cases), the official institution that performed the sampling must activate, directly or indirectly, the investigations specified in the Article 18 of Decree 158/2006 [15] . In brief, the farm where the suspected animals come from should be checked for the presence of possible implants in bred animals, and random sampling must also be planned for a chemical analysis, designed to detect the presence of prohibited or unauthorized substances on farms where animals are bred, kept or finished, as well as in companies linked to them. To this end, an official sampling of drinking water and feed should also be prescribed. As specified in the PNR, it is worth remembering that monitoring plans based on histological analysis represent an additional and non-substitutive approach to controls based on official chemical procedures validated in compliance with Decision 2002/657/EC [9] and the subsequent amendments, which currently are the only procedures to have legal validity. This results in the obligation to unambiguously identify the The total number of animals (percentage) are reported for each group. na: not analyzed. molecule responsible for the observed histological changes in biological samples belonging to the suspected animals before setting up any official accusation of a farm manager or veterinarians, who are considered co-responsible for control of the ban. However, if histological changes and organ lesions persist up until slaughter, the analytical methods used to date may not be sufficiently sensitive to confirm positivity.
In conclusion, the results of this survey suggest that the use of growth promoters prohibited by law is a practice still widespread in some areas of Italy. In fact, the percentage of suspected animals was anything but small, revealing that the extent of this occurrence, if confirmed, would represent a major problem and that new counteraction strategies should be planned. Furthermore, our data are strongly in disagree- ment with the data obtained annually by the Italian PNR, in which positivities that are found for residues from growth promoters represent only a fraction of a percent. Although histological screening has no value for legal purposes, it represents a useful supplementary method to support the control of illegal treatment with growth promoters and enables the veterinary inspectors to apply specific procedures at the farm.
